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Disco girando em torno de um eixo: velocidade e acelera  ¢&o angular

ds=rd&
dé
w=—
dt
/_ _Reference line
_ dw _ d?e
dt  dt?
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Sistema de particulas girando
2

— 2 _ 2 2 2
| =" mr? =mr? +m,r; +myry +m,r,

Axis of rotation
0
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Momento de inercia de uma barra (eixo na extremidade)

| = [x*dm=4ML?

dm
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Momento de inercia de um aro (eixo pelo centro)
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Momento de inercia de um disco (eixo pelo centro)

/ | = [r2dm= MR’
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Momento de inercia de um cilindro (eixo pelo centro)

| = [r*dm=1MR?
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Table 8-1

Thin cylindrical shell about Thin cylindrical shell about Thin rod about Thin spherical shell about
axis diameter through center perpendicular line diameter
. . through center

il o - a
Solid cylinder about axis Solid cylinder about Thin rod about Solid sphere about diameter
diameter through center perpendicular line

through one end

il I=2MR?
= 1MRE

S 1M R2a L AAp2
I = MR | Solid rectangular parallelepiped
I=;ML? about axis through center

perpendicular to face

Hollow cylinder about axis Hollow cylinder about
: diameter through center
L '

A

Ry : v
1=, ME+R)) I=!ME®?+RD)+ | MI? I =,M@*+b%)

*A disk is a cylinder whose length L is negligible, By setting L = 0, the above formulas for cylinders hold for disks.

©2008by W.H. Freeman and Company



Momento de inercia: teorema dos eixos paralelos
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Aplicando o teorema dos eixos paralelos: momento de ine rcia de uma barra

low =1, ~Mh? =2ML> M 2L = L ML

12
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Particula pressa a uma barra que pode girar livremente: to rque

r=Hkr
Tangential % AT

direction

Particle

Rotation axis

Massless rigid rod
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A forca F produz um torque F r em relagao ao centro
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Torgque devido a gravidade: ele € calculado como se toda a forca
gravitacional fosse aplicada no centro de massa

T = MgXqy,
' WA
m;
cge J'mfg M <8
A X; x b A\"— Xeg _'“l ‘;
M ; Mg
(@) (b)
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Barra pivotada: determine a aceleracao angular
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Tahle 9-2

Rotational Motion

Linear Motion

Angular displacement

Angular velocity

Angular acceleration

Constant-angular-acceleration equations

Torque

Moment of inertia
Work

Kinetic energy
Power

Angular momentum*
Newton’s second law

*Angular momentum is introduced in Chapter 10.

Ag

_de

O w
do &
T ap

W=, + ot
AP = w,, At

= %(w0+ )

g
|

av

8 =0, + ot + jaf?

w* = o} + 20 A9
”

:

dW = 7df

K = jla?
P=rw
L=lw

T Ia:ff_i
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Displacement

Velocity

Acceleration

Constant-acceleration equations

Force

Mass

Work

Kinetic energy
Power

Momentum

Newton’s second law

Ax
_dx
e
v, Py
TP

U= Uy oF a_\_t
Ax=v At

oy I
Ve T2 (Ul]x * v.\')

o 1, 42
x=x,tu,t+sal

7T,
v = UG, T 2a, Ax

dW = . dx
K = jmv?
P = E\'v.\'
p_r = I?‘IUI

dp,
R = M, = —>



Judé: qual valor da forca F para derrubar o adversario?

Torque: —-dF = la

Moment arm d;

of your pull ~ Momentarm d,
o ¢ of gravitational
pponents force on
center of

opponent

Moment

F
arm d;
of your pull
@ = L S . .
) N \>§ % 5> Halliday, Resnick, Walker,

b) Fundamentos da Fisica




Conservacao da energia
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Uma esfera ( f= 2/5), um cilindro ( = 1/2) e um aro ( f= 1) num plano inclinado

_ gseng
N an =,
PR ;;:-‘\ IB

/
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& | = AR
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Centrifugas de laboratoério
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Explosao de um rotor de aco macico em forma de disco
Empresa Test Devices Inc. (1985)

Halliday, Resnick, Walker, Fundamentos da Fisica




O loio

R() =

Y
S

Halliday, Resnick, Walker
Fundamentos da Fisica




Correspondéncias entre movimentos de traslacéo e rotac ao

Pure Translation (Fixed Direction) Pure Rotation (Fixed Axis)
Position X Angular position 0
Velocity v = dx/dy | Angular velocity o = de/dt
Acceleration a = dvldt Angular acceleration a = dwldt
Mass m Rotational inertia Il
Newton’s second law F...= ma | Newton’s second law Toet = 1
Work W = [ Fdx| Work W= /[r7db
Kinetic energy K =3imv? | Kinetic energy K =1lo*
Power (constant force) P=Fv Power (constant torque) P=1w
Work —kinetic energy theorem W = AK Work —kinetic energy theorem W = AK

Halliday, Resnick, Walker, Fundamentos da Fisica




Momento angular
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Natureza vetorial da rotacao
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Torque: T=rxF
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Regra da méo direita
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Torque e Momento angular
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Particula movendo-se num circulo no plano Xy
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Revisao de torque

T(=7xP _
F (redrawn, with
" tail at origin)

Bl

=S

AP F i\ r  F

Line of action of F

(a) (b) (¢)

(a) Uma forca age sobre uma particula em A
(b) Essa forca produz um torque sobre a particula em relacao a origem
(c) Regra da méao direita: o vetor torque aponta no sentido + Z

Halliday, Resnick, Walker
Fundamentos da Fisica




Z
A
C(=7xP)

}; (redrawn, with

i

~

—
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LA e
Extension of p

(&)

Momento angular

A particula em A possui momento linear
P = mv com o vetor P no plano xy

A particula possui momento angular
L = rxP em relacdo a origem O

Regra da mao direita: o vetor momento
angular aponta no sentido +Z

O médulo de L = rP=rmv
O modulo de L é dado também por
L=rP=rmv

Halliday, Resnick, Walker
Fundamentos da Fisica




Exemplo: primeira roda gigante (1893)
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Halliday, Resnick, Walker
Fundamentos da Fisica




Axis

e

(a) (b) (¢)

Patinadora Sasha Cohen em movimento de (a) traslacao e
(b) de rotagcao em torno de um eixo vertical
Ref: Halliday, Resnick, Walker, Fundamentos da Fisica

(b)



z
j,w,- Conservagao do Momento Angular

Rotation axis

(@)

() Halliday, Resnick, Walker, Fundamentos da Fisica
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